The purpose of the present study was to produce live offspring from in vitro fertilized goat embryos. Oocytes were collected from abattoir ovaries and kept in oocyte collection medium. Oocytes were washed 4-5 times with maturation medium containing medium-199 with 5 µg/ml FSH, 100 µg/ml LH, 1 µg/ml estradiol-17β, 50 µg/ml gentamycin, 10% inactivated estrus goat serum, and 3% BSA (fatty acid free). Oocytes were placed in 100 µl drops of maturation medium containing granulosa cell monolayer and incubated in a 5% CO 2 incubator at 38.5°C for 27 h. For capacitation of spermatozoa fresh semen was processed and mixed in 3 ml fertilization TALP medium containing 50 µg/ml heparin and kept in the above incubator for 2 h. The capacitated spermatozoa were coincubated with matured oocytes for fertilization. Cleaved embryos were separated and cultured in embryo development medium with oviductal cells and 494 embryos were produced. Recipient goats were synchronized with two injections of 15 mg PGF 2α /goat 10 days apart. Eighty early stage embryos were transferred into the uterotubal junction of 14 surrogate mothers using laparoscopy techniques. One recipient delivered twin kids, whereas another two recipients each.delivered a single kid The parentage of these kids was evaluated using highly polymorphic co-dominant microsatellites markers. From the present study, it was concluded that live goat kids can be produced from in vitro matured and fertilized goat embryos, to the best of our knowledge for the first time in India.
INTRODUCTION
The biotechniques of in vitro maturation and fertilization of goat oocytes have immense potential for production of large number of embryos and their transfer to recipients for production of normal offspring and faster multiplication of superior germplasm (Keskintepe et al., 1994; Cognie et al., 2003) . Slaughterhouse derived ovaries provide a cheap and abundant source of large number of oocytes for production of live goat kids (Martino et al., 1995; Cognie et al., 2004) . Applications of this IVF technique include development of emerging biotechniques such as embryo sexing (Huang et al., 2001; O'Brien et al., 2004) , nuclear cloning (Oppenheim et al., 2000; Tecirlioglu et al., 2003; Cowan et al., 2005) and transgenesis (Huang et al., 2001; Baldassarre et al., 2004) .
In vitro production of embryos involves oocyte recovery, maturation, and fertilization with capacitated spermatozoa and culture of the resulting embryos. Maturation of oocytes is carried out in culture medium generally containing mediun-199 with FSH, LH, estradiol-17β, BSA, estrus goat serum etc. (Cognie et al., 2003) . Different concentration of heparin, ranging from 2 to 100 µg/ml, and different media has been used for capacitation of goat fresh and frozen spermatozoa (Katska et al., 2004) . Production of goat embryos and live kids from in vitro maturation and fertilization procedures has recently been improved using different macromolecule supplementation in medium (Herrick et al., 2004 ) and co-culture systems (Katska et al., 2004) . First goat kid was born using the IVF techniques on ovulated oocytes in goat by Hanada (1985) . Younis et al. (1991) was reported pregnancy in goats by embryo transfer after IVF of goat oocytes. Crozet et al. (1993) produced first goat kid from in vitro maturation and fertilization of goat oocytes. Recipient goats were synchronized with PGF2 α, gonadotropin releasing hormone and an ear implant of progestogen resulting in observed oestrus in 100, 67 and 50% animals respectively (Ruth-Macedo et al., 1999) . It has been reported that 2 i.m. injections of PGF2 α (Estrumate) 12 days apart lead to oestrus expression observed significantly 67±5 h after treatment (Tamboura et al., 1997) . Estrus could also be synchronized in recipient goats by using an intravaginal progesterone device CIDR ® for 13 days and injection of 400 IU PMSG 48 h before CIDR ® removal (Shin et al., 2004) . The major problems of embryo transfer through surgery in goats that the process is highly invasive and some time lead to post-operative adhesions of reproductive organs of goat (Hunter et al., 1995) . These procedures also impair the subsequent fertility of goats. To overcome these disadvantages a quick, efficient and reliable laparoscopic technique has been reported for transfer of IVF embryos into uterine horn (Baldassarre et al., 2002) and fallopian tubes (Katska et al., 2004; Shin et al., 2004) .
Microsatellites has become the marker of choice in many livestock species for paternity inference. Microsatellites or simple tandem repeats (STRs) are highly polymorphic genetic markers with co dominantly inherited alleles are relatively easy to score. They consist of strings of tandem repeats of short motifs ranging from mono to penta nucleotides with variability in the number of repeats (Litt and Luty, 1989, Fan et al., 2005; Sukla et al., 2006) . Highly variable STR loci are common in mammalian genomes and can readily be typed by Polymerase Chain Reaction followed by electrophoresis on denaturing ureapolyacrylamide gel (Sodhi et al., 2006) . These attributes make microsatellites the ideal marker to reveal parentage/genetic relationships between individuals. The objectives of the present study were to produce in vitro matured and fertilized goat embryos in Indian goat and their transfer to synchronized recipient animal using laparoscopy technique for production of normal live offspring to best of our knowledge first time in India. The parentage status of the IVF kids was confirmed by nine microsatellite marker based genotyping.
MATERIALS AND METHODS
All plastic wares were purchased from Tarson Products Co. (Kolkata, India) and chemicals/biochemicals from Sigma Chemical Co. (St. Louis, MO, USA), unless stated otherwise.
Collection of the oocytes from goat ovaries
Oocytes were isolated from goat ovaries collected slaughterhouse and categories into A grade (>5 layer COC), B grade (3-5 layer COC), C grade (<3 layer COC) and D (without layer COC). A grade & B grade oocytes were matured on the granulosa cell monolayer (Malakar and Majumdar, 2002) in maturation medium and kept in 5% CO 2 incubator at 38.5 o C for 27 h. This medium contained medium-199 with 5 µg/ml FSH, 100 µg/ml LH, 1 µg/ml estradiol-17β, 50 µg/ml gentamycin, 10% inactivated estrus goat serum, and 3% BSA (fatty acid free).
In vitro fertilization
Fresh semen was collected from two bucks with artificial vagina in a single tube and mixed together. Fifty µl semen was added into 5 ml quenched sperm-TALP medium (Reed et al., 1996) and centrifuged at 320 g for 5 min. The pellet was dissolved in 5 ml fresh sperm-TALP medium and centrifuged again as above. Finally 2 ml of fertilization-TALP medium containing 50 µg/ml heparin (Katska et al., 2004) and kept in 5% CO 2 incubator at 38.5°C for 2 h. Capacitated spermatozoa were taken in 100 µl drops at the concentration of 2×10 6 spermatozoa/ml in Petri dishes and covered with mineral oil. Then 10-15 matured oocytes were added to each drop and kept in 5% CO 2 incubator at 38.5°C for 12 h.
In vitro embryo culture
After 12 h of co-incubation, fertilized oocytes were washed 4 to 5 times with embryo development medium (EDM) (Malakar and Majumdar, 2005 ) containing medium-199 with 100 µg/ml L-glutamine, 27 µg/ml sodium pyruvate, 50 µg/ml gentamycin, 3% BSA (fatty acid free), 5% FCS. The washed fertilized oocytes were further cultured in EDM with the oviductal epithelial cells (Izquierdo et al., 1999; Katska et al., 2002) and kept in 5% CO 2 incubator. Cleaved embryos were separated after 36 h and co-cultured in fresh EDM with oviductal epithelial cells (Izquierdo et al., 1999; Katska et al., 2002) and kept in 5% CO 2 incubator at 38.5 o C.
Synchronization of recipient goats and transfer of IVF embryos
Recipient goats were synchronized with two injection of PGF2 α (Ruth-Macedo et al., 1999) Lutalyse ® (Pharmacia, Belgium), 15 mg/goat, i.m. 10 days apart. Estrus symptoms were observed after 48 h of last injection. Recipient goats were kept overnight off-feed before transfer of IVF embryos on day 2 after estrous symptom. Embryos were loaded into 0.25 ml French straw and kept in 5% CO 2 incubator at 38.5°C before transfer. The recipient goat was injected Triflupromazine HCL (Siquil ® ), Sarabhai Zydus) at 0.1 mg/kg body weight i.v. and animal held in dorsal recumbency in head down position at an angle of 40° to the horizontal. The field of operation cranial to the mammary gland was washed and shaved followed by 5 ml/goat Lignocaine HCL (Xylocaine ® 2%, AstraZeneca), was injected subcutaneous 10 cm cranial to the mammary gland in the left side of ventral midline. The trocar of endosecope was inserted at this injection point and observed the uterine horns. Then trocar for the grasping forceps was inserted about 15 cm cranial to the mammary gland right side of ventral mid line and uterine horn was taken out. Then embryos from French straw were transferred to uterotubal junction (Baldassarre et al., 2002) of recipient goats (2 to 5 embryos in each horn) through very simple laparoscopic (Karl Storz Endoskopie, Germany) technique. Incisions were sutured with catgut and nylon thread respectively and monitoring the recipient goats of postoperative care.
Microsatellite genotyping for parentage assessment
Blood samples were collected from each candidate parents and IVF offspring by jugular vein puncture in EDTA coated vacuutainer tubes. Genomic DNA from whole blood was extracted using standard phenol chloroform procedure of Sambrook et al. (1989) . For assigning the paternity following a likelihood-based approach, DNA samples of candidate parents and offspring were genotyped using microsatellites markers (di-nucleotide repeats). Out of fifteen markers viz; BM1314, BM6506, BM6526, ILSTS029, ILSTS034, ILSTS044, ILSTS049, ILSTS059, ILSTS08, OarFCB304, OarJMP8, OarCP34, OarCP38, OarAE129, OarJMP29 analyzed, the six markers namely ILSTS08, ILSTS029, ILSTS034, OarFCB304, OarJMP8, OarJMP29, were not used in the final analysis being monomorphic. Primer sequences and chromosomal location of the microsatellite markers used in the present study are summarized in Table 3 .
The primer sets for PCR amplification of microsatellite loci were synthesized from Sigma Aldrich, USA. PCR was carried out in 25 µl reaction volume containing 50-100 ng of template DNA, 50 ng of each primer, 200 µM of each dNTP (Promega Corporation, Madison, WI, USA), 1.5 mM MgCl 2, 0.5 units of Taq DNA Polymerase (Promega Corporation, Madison, WI, USA). PCR reaction was carried out in PTC-100 thermocycler (MJ Research Inc., MA, USA). A Common "Touchdown" PCR programme used for amplification of all the 10 markers involved 3 cycles of 45 sec at 95°C, 1 min at 60°C; 3 cycles of 45 sec at 95°C, 1 min at 57°C; 3 cycles of 45 sec at 95°C, 1 min at 54°C; 3 cycles of 45 sec at 95°C, 1 min at 51°C and 20 cycles of 45 sec at 92°C, 1 min at 48°C (FAO. 1996) .
The PCR products were initially analyzed on ethidium bromide (1.5 µg/ml) stained 2% agarose gel. The denatured PCR products were electrophoresed on prewarmed 6% Urea-polyacrylamide denaturing sequencing gel (30×38 cm) using Biorad Sequi: Gen GT apparatus at 75 W. The resolved alleles were visualized by silver staining procedure of Bassam et al. (1991) . Allelic size range was estimated using 10 bp sequencing ladder (Invitrogen). Genotype of individual animal at each microsatellite loci was recorded by direct counting.
CERVUS 2.0 a Windows ® based computer programme (Marshall et al., 1998) commonly used for parentage analysis using co-dominant loci was employed in the present study to carry out likelihood based analysis for determining the correct parentage of IVF offspring. The analysis involved comparison of candidate parent's genotypes against the offspring's genotype. Both exclusion and maximum likelihood analysis were conducted to exclude or to identify the most likely parent. The allele frequency base data was generated for each locus using the genotype profile to calculate the parentage parameters. The LOD score (log of the product of likelihood ratios at each locus) value for each candidate parent based on the genotypes of the candidate parents and offspring was obtained. The observed allelic frequencies data was simulated for 10,000 cycles to obtain the critical values of log-likelihood statistic delta for evaluating confidence and reliability in assigning parentage to the most likely candidate. Parentage was evaluated with 95% (strict) and 80% (relaxed) levels of stringency. Additionally, several standard genetic parameters viz., observed heterozygosity (Ho), expected heterozygosity (He), polymorphic information content (PIC), null allele frequency (based on heterozygote deficiency) and an average exclusion probabilities at each locus were calculated to check the suitability of microsatellite markers used in the present study.
Humane animal cares and use
Permission was taken from institute ethics committee and their guidelines were followed during the present animal experiment.
RESULTS
In the present study, 5212 (2.63 per ovary) oocytes were isolated from 1977 goat ovary samples collected from embryos were transferred to uterotubal junction through laparoscopy techniques. Four kids were born (29%) (Figures 1 and 2 ) after completion of pregnancy in 3 goats out of 14 recipient goats. One recipient delivered twin (one male and one female) kids whereas other two recipients delivered single kid each (Table 2) . One single male kid expired in severe cold weather due to pneumonia after 36 h of delivery (Figure 1 ). For parentage evaluation of IVK kids, a total of 15 microsatellite markers were evaluated in the present study. Out of these, nine markers were found to be polymorphic with more than three alleles (Table 3 ). The remaining six loci with less than three alleles were excluded from the final analysis. Several genetic parameters estimated to determine the suitability of the microsatellite markers employed in the present investigation for parentage analysis is shown in Table 4 . A total of 45 distinct alleles ranging from 4.00 (BM1314, BM6506, BM6526, ILSTS029, ILSTS034, ILSTS044, ILSTS049, ILSTS059, ILSTS08, OarFCB304 OarJMP8, OarCP34, OarCP38, OarAE129, OarJMP29 to 7.00 (Oar CP34) were detected across the 9 selected loci with a mean of 5 alleles. The allele size range observed in the studied individuals was in agreement with other studies where the similar markers were used (Saitbekova et al., 2001; Sodhi et al., 2003 , Pandey et al., 2006 . The allele size is important as in order to qualify a set of parents, an offspring must possess the same allele size as the parents. Observed and expected heterozygosity ranged from 0.222 O-CP loci compared = Number of loci compared between offspring and candidate parent. Mismatches = Number of alleles, which did not match between offspring and candidate parent.
(BM6526) to 1.000 (BM1314), and from 0.340 (OarAE129) to 0.857 (BM1314) with an average of 0.561 and 0.693 respectively. Using an iterative algorithm based on the difference between observed and expected frequencies of homozygote estimates, we estimated the frequency of null allele segregating at each locus. The estimated frequencies were close to zero for all the loci indicating absence of a null allele. It is important to note that loci with high null allele frequencies (0.05 or more) should be excluded from parentage analysis (Marshall et al., 1998) . The observations reflected the suitability of markers included in the present study to evaluate the parentage of goat IVF offspring. The genotypic profile of offspring and candidate parents were compared using the CERVUS 2.1 window programme for parentage evaluation. With the observed genotypes, a likelihood ratio for each candidate parent was calculated and compared for LOD score values (Table 5 ). The negative values of the LOD score implied that the each of the candidate parent (surrogate mother) is less likely to be the true parent than an arbitrarily randomly chosen individual and hence the probability of the investigated kids belonging to the surrogate mother is excluded. Buck 1 (B1) showed most positive LOD score value with kid 4 (K4) and kid (K1) genotypes whereas buck 2 (B2) had the positive LOD score for kid 2 (K2). This analysis revealed buck 1 as most likely parent for kids 4 and 1 whereas buck 2 was the most probable parent for kid 2.
To evaluate the significance of assigned paternities the data was simulated 10 thousand times. From the distribution of the log likelihood statistic delta values it was observed that the buck 1 had a delta score exceeding the critical delta score for 95% confidence for two kids and hence is true parent for them. Buck 2 had a delta score exceeding the critical delta score for 95% confidence only for one kid.
DISCUSSION
Goat embryos were produced through in vitro maturation, fertilization and culture with the oviductal cells. In the present study, 5,212 oocytes were collected from 1,977 ovaries and 2.63 oocytes per ovary were obtained (Table 1) which was lower than 6.04 (Keskintepe et al., 1994 ) and 3.41 (Malakar and Majumdar, 2005) and more than 2.28 (Pawshe et al., 1994) as collected from follicles 2-8 mm. Though direct maturation was not studied in the present work but cumulus expansion was taken as the indication of the maturation of oocytes. Healthy, culturable with cumulus cell complexes A (20.9%) and B (22.5%) grade oocytes were matured on granulosa cell monolayer that showed good cumulus expansion (Teotia et al., 2001) . The cumulus cells secret a meiosis inducing substance that increases the maturation rate of oocytes (Xia et al., 1994; Karina and Charlotte, 2004) . Concentration of processed spermatozoa helped in controlling polyspermy (De Smedt, et al., 1992 ) during sperm-egg interaction. Younis et al. (1991) reported 68% fertilization using 1×10 6 sperm/ml with 5 matured oocytes in 100 µl fertilization TALP medium. Pawshe et al. (1995) also used 2×10 6 sperm/ml of medium for 10 oocytes. In present study, sperm concentration was 2×10 6 sperm/ml and 10 to15 oocytes were added per drop. The duration of sperm-egg incubation has reported many workers as 17 h (Martino et al., 1995) , 16 to 18 h (Brackett et al., 1989) , 20 to 22 h (Herrick et al., 2004) and 24 h (Keskintepe et al., 1994) however, in the present study, sperm-egg incubation period was 12 h.
Wide variation of in vitro cleavage rates has been reported to be 23.1% (Malakar and Majumdar, 2002) , 33.3% (Younis et al., 1991) , 42.8% (Izquierdo et al., 2002) , 26% (Crozet et al., 1993) , 40% (Pawshe et al., 1995) , 42% (Han et al., 2001 ) and 79.4% (Kastka et al., 2004) respectively by various workers. In the present study embryos cultured in medium supplemented with Lglutamine alone with TCM-199 on goat oviductal cells yielded 21.8% cleavage ( Table 1 ). The cleavage rate was less in comparison to other studies due to the fact that all A and B grade oocytes were used in IVF without any selection. Ruth-Macedo et al. (1999) reported that synchronization of estrus with PGF2 α (16 mg/goat, 2 injections 10 days apart), gonadotropin releasing hormone (0.0126 mg) and an ear implant of progestogen resulted in observed oestrus in 100, 67 and 50% respectively in Criollo goat. Tamboura et al. (1997) have reported 2 i.m. injections of PGF2 α (Estrumate) 12 days apart and oestrus occurred 67±5 h after treatment. In the present study synchronization of estrus was carried out with PGF2 α (15 mg/goat, 2 i.m. injections 10 days apart) and oestrus was observed in all goats after 48 h of last injection and results were comparable to those obtained by Ruth-Macedo et al. (1999) . Hanada (1985) produced the first goat kids using the IVF procedure on ovulated oocytes in the goat. Pregnancy was initiated in goats by embryo transfer after in vitro maturation and fertilization of goat oocytes (Younis et al., 1991) . The first birth of a kid from an oocyte matured and fertilized in vitro was performed Crozet et al. (1993) . Surgically transferred of 12 IVF embryos at 6 to 8 cell stage to synchronized 2 recipients and both of the recipients became pregnant. One recipient miscarried while the other gave birth to female normal twins (50%) (Katska et al., 2002) . Forty 2 to 4 cell IVF goat embryos were transferred to 20 recipients does after 48 h of incubation and 4 single kids were born (20%) (Bou-ShorGan, and Bou-SG, 1998). Han et al. (2001) reported that 6 viable kids were born (31%) from 30 good quality embryos transferred to 19 recipient goats. Thirty-seven IVF transgenic embryos were transferred to 32 recipient goats and four live kids were produced (Huang et al., 2001) . Baldassarre et al. (2004) used laparoscopic ovum pick up technique followed by in vitro embryo production in late prepubertal and younger age resulting in 27 and 15 kids respectively. In the present study, 80 IVF goat embryos were transferred to 14 recipient goats and 4 kids were born (29%) in 3 recipient goats ( Table 2) . The results are similar to those obtained by Bou-ShorGam and Bou-SG (1998) and Han et al. (2001) .
In the present investigation, panel of polymorphic microsatellite markers recommended by FAO for biodiversity analysis were evaluated for assigning parentage. The high exclusionary power of such a battery of genetic markers shows the utility of such markers for evaluating the parentage (Isberg et al., 2004 , Kong et al., 2006 Osman et al., 2006) . The parentage assignment at a known level of statistical confidence (95%) clearly showed that the kids borne are the IVF kids. The use of these codominant microsatellite markers will broaden the scope of in vitro fertilization program, allowing progeny to be tested from adults maintained in herd.
In conclusion, in vitro maturation and fertilization of goat oocytes was carried out from slaughterhouse ovaries. Cleaved embryos were co-cultured with goat oviductal epithelial cells. Total 80 embryos were transferred using simple technique of laparoscopy to 14 recipient goats and four live kids were born (29%) in 3 recipients (Table 2) . To best of our knowledge, this is the first report in India about producing live normal offspring in Indian breeds of goats using IVF procedures followed by the transfer of embryos using very simple laparoscopy technique and their parentage was confirmed using microsatellite markers.
